CONTEXT AND OBJECTIVE: Muscle strength and functional independence are considered to be determinants of frailty levels among elderly people. The aim here was to compare lower-limb muscle strength (LLMS) with functional independence in relation to sex, age and number of frailty criteria, and to ascertain the influence of these variables on elderly outpatients' independence. DESIGN AND SETTING: Quantitative cross-sectional study, in a tertiary hospital.
INTRODUCTION
Sarcopenia, which comprises loss of muscle mass associated with aging, derives from a complex process. [1] [2] [3] These changes to muscle composition result from muscle fiber atrophy, reduction in the production of certain hormones (testosterone, adrenal androgens and growth hormone) and inappropriate food intake, among other factors. [1] [2] [3] [4] [5] [6] The decrease in muscle strength resulting from sarcopenia causes significant functional loss with regard to performing activities of daily living (ADLs), and this is the main etiological factor in the development of functional dependence among elderly individuals. 1, 3, [6] [7] [8] [9] [10] [11] [12] The association between muscle strength and functional independence has been pointed out in the literature, and the study by Janssen et al. 8 deserves special attention.
This assessed 504 elderly individuals and identified a significant correlation (P < 0.05) between sarcopenia and high risk of developing dependence for performing ADLs.
Nevertheless, sarcopenia expressively contributes towards development of the frailty syndrome, 5, [13] [14] [15] [16] [17] [18] [19] which was defined by
Fried and Walston 13 as a state of physiological vulnerability, with diminishment of the capacity to maintain or recover homeostasis when faced with stress and/or environmental challenges.
These authors proposed that frailty consisted of three elements: neuromuscular alterations, deregulation of the neuroendocrine system and dysfunction of the immunological system. Until the 1980s, frailty syndrome was understood as functional incapacity.
However, studies have shown that these are distinct conditions, and that frailty can actually contribute towards development of functional dependence. [17] [18] [19] In a study by Woods et al., 19 elderly women who were considered to be pre-frail and frail showed, respectively, 1.64 and 3.15 times greater chances of developing functional dependence, in comparison with non-frail individuals, after a three-year study.
Most studies have shown that women are more likely to present functional incapacity and characteristics of the frailty phenotype, since they are more exposed and live longer than men. 14, 20 Studies on these differences are important for constructing strategies for elderly care. Considering that frailty and decreased muscle strength are associated with elderly people's functional abilities, the present study had the objectives of investigating the relationship between lower-limb muscle strength (LLMS) and functional independence, taking into consideration gender, age and a number of frailty criteria among elderly outpatients, and of investigating the influence of these variables on functional independence.
OBJECTIVE
The aims of this study were to compare lower-limb muscle strength (LLMS) with functional independence, taking into consideration gender, age and a number of frailty criteria, and to ascertain the influence of these variables on the independence of elderly outpatients.
METHODS
This was a descriptive quantitative cross-sectional study, and data were gathered as part of a major project developed in the Geriatrics Outpatient Clinic of a university hospital in Campinas (Universidade Estadual de Campinas, Unicamp). It was approved by the institution's Research Ethics Committee, as decision no. 240/2003.
In this study, a non-probabilistic convenience sample of 150 elderly people of both sexes who were followed up as outpatients was assessed between October 2005 and October 2007.
The subjects met the following inclusion criteria: agreeing to participate in the study, signing a free and informed consent statement and being in a cognitive condition for oral communication to be established, so that an interview could be conducted and the Mini-Mental State Examination could be applied, as prescribed by Bertolucci et al. 21 The exclusion criteria were: refusal to participate, impaired oral communication, cognitive deficit that could harm comprehension and Mini Mental State Examination (MMSE) score lower than the cutoff score.
As many older adults as possible per day were approached to inquire about their willingness to take part in the study, their availability for an interview and their compatibility with the inclusion criteria. We were able to interview two older adults a day.
The variables for this study were as follows: 25 To identify frailty, the criteria of Fried et al. 14 were used with some adaptations, as follows:
• Involuntary weight loss: over the last year, over 4.5 kg or 10% of body weight;
• Exhaustion: self-reported fatigue assessed through two questions ("Did you feel that you had to make an effort to accomplish your habitual tasks?" and "Were you unable to do your things?") taken from the depression tracking scale CES-D.
In the case of an affirmative answer for a period of three or more days of the previous week, the subject was graded as positive for exhaustion;
• • Low level of physical activity: this was graded positive for elderly individuals who were inactive or who performed physical activities less than twice a week.
After evaluating the frailty criteria, two groups were obtained: one group with one or two criteria (considered to be pre-frail) and the other with three or more criteria (considered to be frail), as suggested by Fried et al. 14 All of the subjects in this study presented at least one of the criteria.
To evaluate lower-limb muscle strength, the five-times sitto-stand test (FTSST) was used. This forms part of the Short Physical Performance Battery instrument, which was proposed by Guralnik et al. 22 and was adapted to the Brazilian Portuguese language by Nakano 23 The test was undertaken using an arm- a score ranging from 1 (total dependence) to 7 (complete independence), with a total score ranging from 18 to 126. The motor component score ranges from 13 to 91 points. In assessing the instrumental activities, the following tasks were considered: food preparation; doing the household chores; washing and ironing the clothes; doing manual work; handling medication; using the telephone and handling money; doing the shopping and using means of transportation. If the task is performed "independently" three points are attributed; two points when there is "partial independence" and one point for "total dependence" and the total score ranges from 9 (maximum dependence) to 27 points (maximum independence). In both instruments, the higher the score is, the higher the functional independence is.
The results were subjected to the following analyses.
Descriptive analysis was performed to make measurements of position (mean, median, minimum and maximum) and dispersion (standard deviation). Cronbach's alpha coefficient was used to evaluate the reliability of the instruments, such that high inter- Variables that were not normally distributed were transformed into ranks in these analyses. MANOVA was used to test the significance of the difference between measurements of two or more groups in relation to two or more dependent variables that were taken into account simultaneously. The significance level used was 5% (P < 0.05).
RESULTS

Table 1
shows that the mean age of the elderly individuals was 76.4 ± 7.8 years and that women predominated (64.2%).
The mean time taken to perform the LLMS test was 21.7 ± 7.9 seconds; 26 subjects were unable to perform the test; the mean mFIM score was 82.3 ± 9.4 and the mean IADL score was 21.2 ± 4.9.
Regarding the frailty criteria, 67 individuals (44.7%) presented 1 to 2 criteria (and were considered to be pre-frail) and 83 (55.3%) presented 3 or more criteria (and were considered to be frail).
Reliability analysis on the tools was performed through calculating Cronbach's alpha coefficient, and this showed high internal consistency, with values of 0.92 for mFIM and 0.86 for IADL. In the multivariate analysis (MANOVA) presented in Table 5 ,
independence assessed by means of mFIM and IADL scores continued to be significantly influenced by the variables of sex (P = 0.015) and LLMS (P = 0.026). 
DISCUSSION
The main results showed that functional independence was positively related to lower-limb muscle strength at different frailty levels. The sociodemographic characteristics of the elderly individuals attended at the outpatient clinic studied corresponded to the average profile for Brazilian elderly people, i.e. the group was formed mostly by women and was close to the mean age of the elderly Brazilian population (73.1 years). 30 A study using the same sample found that 71.2% of the volunteers had five or more diseases and that 67.1% had five or more comorbidities. 31 Regarding frailty characteristics, a community-based study in the same city showed that females, higher age groups and lower income groups correlated with greater frailty, with more fatigue, less muscle strength and slower gait. 32 Previous studies [33] [34] [35] [36] [37] [38] [39] [40] that used the FTSST to measure LLMS among elderly individuals showed higher performance than was observed in the present study, in which the mean time taken in the FTSST was 21.7 seconds. It might be possible to explain this discrepancy in terms of the profile of elderly individuals attended at the outpatient clinic studied, which followed certain inclusion criteria, such as advanced age and functional deficit. A study by
Aslan et al. 39 on 115 elderly outpatients who were able to walk without help and did not present any neurological disease or visual and/or auditory problems showed that the mean time taken to perform the FTSST was 14.4 ± 6.88 seconds. In a study on 44 elderly individuals of mean age 83.13 ± 3.3 years who were able to walk with or without a device to help them and who presented clinical stability, Ferreira et al. 38 found that the mean time taken to perform the FTSST was 12.72 ± 6.94 seconds. Although these elderly individuals presented advanced age, one of the inclusion criteria of their study was that the subjects needed to be able to walk. On the other hand, this criterion was not taken into consideration in the methodology of the present study.
In comparing LLMS and functional independence in relation to sex, age and number of frailty criteria, it was found that the In the present study, the elderly individuals of both sexes probably presented similar performance in the FTSST, thus corroborating the findings in literature, which can explain why there was a difference in independence between the sexes only at the minimum and maximum scores of the test.
Comparing LLMS and independence among the age groups, there was only a significant difference at the minimum and maximum scores, with greater independence among the subjects aged 80 years or over and with higher LLMS. In the literature, 35, 37, 38 significant associations between FTSST and age Table 3 . Comparison between lower limb muscle strength (LLMS) scores (five-times sit-to-stand test, FTSST), taking age into consideration, and the median scores for the motor functional independence measurement (mFIM) and instrumental activities of daily living (IADL) among the elderly individuals studied (n = 150) All the subjects studied may have presented similar performance in the test, independently of age, and this possibly explains the finding that there was only a difference between the age groups at the extremities of the test scores, and might also explain the better performance of the elderly individuals aged 80 years or over.
It was also found that the FTSST significantly distinguished the functional independence of the elderly individuals with one or two frailty criteria from those with three or more criteria, except for the individuals with LLMS score 0 and one or two criteria in relation to those with LLMS score 2 and three or more criteria, in which the latter presented significantly higher mFIM scores.
It is possible that the individuals with one or two frailty criteria presented criteria relating to muscle strength (grip strength, gait speed and physical activity) that might have interfered with their BADL performance.
Concerning functional independence, it was found that sex and LLMS influenced BADL and IADL performance: these results are consistent with reports in the literature, except for the absence of the influence of age. [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] Guralnik et al. 51 studied 1,122 elderly individuals and also found that the subjects with higher LLMS evaluated through FTSST presented greater functional independence, a conclusion that was obtained after four years of study. The study by Rosa et al. 47 which investigated the determining factors of functional independence among elderly individuals, identified that females and individuals with advanced age presented greater probability of developing functional dependence (P < 0.001). Again, it is likely that the absence of influence of age on independence in the present study was due to the profile of the elderly individuals attended at the Geriatric Outpatient Clinic.
There are some limitations to the present study. Because of the absence of a group of elderly people without frailty criteria, other comparisons were not possible with the non-frail individuals. This is once again possibly due to the profile of the elderly individuals followed up at the Geriatrics Outpatient Clinic. In general, these elderly people seek this health service because they already have some health care needs. In addition, the elderly individuals of this sample present peculiar characteristics; therefore, the results cannot be generalized for the population in general.
Nonetheless, it was possible to identify significant differences in lower-limb muscle strength between the groups with one or two frailty criteria and those with three or more criteria, thus
showing that these aspects should be taken into consideration in developing actions aimed towards improving elderly people's quality of life.
The findings from our study draw attention to the role of decreased muscle strength among elderly people in relation to development of functional dependence, thus suggesting that recovery and rehabilitation programs conducted by qualified professionals need to be created. Further research should evaluate the relationship between frailty and functional performance in settings other than outpatient clinics, especially among women.
CONCLUSION
It was observed that male elderly individuals with advanced age (> 80 years), with one or two frailty criteria and higher LLMS presented better functional independence than younger female elderly individuals with lower LLMS and three or more frailty criteria. Separately, men and elderly individuals with higher LLMS presented better functional independence.
